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57 ABSTRACT

An object of the present invention 1s to generate a vector or
data from 1nputted drawing data interactively by suppressing
the 1nput cost.

When an unknown process occurs 1n the system during data
processing, an 1nquiry to a user 1s generated in the case of
interactive operation. However, when drawings are handled,
the number of 1nquiries to a user increases and the system
operability lowers inversely. The present invention executes
the drawing recognition method by cooperation and and
competition of a multi-agent on the basis of the basic
property of a figure such as adjacent relation. When blurring,
or a problem portion such as in interruption part or a junction
part appears during recognition of a drawing, the linkage
relation of line paths 1s automatically decided by making the
recognition agent adjacent to the problem portion cooperate
and compete. An inquiry to a user 1s not made. By doing this,
vector data 1s obtained.

The 1mput cost of ficure information 1n a data base can be
reduced remarkably.

14 Claims, 24 Drawing Sheets
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FIG. 2
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FIG. 27
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FIG. 24
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METHOD OF RECOGNIZING IMAGE DATA
AND APPARATUS THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mventions relates to a drawing registration
method of registering a drawing contained 1n a map or a
drawing described by a photo-electro transter device such as
a scanner or TV camera 1n a data base and more particularly
to a drawing recognition method valid 1n recognizing and
registering a drawing indicated by a group of a plurality of
similar lines such as contour lines.

2. Description of the Prior Art

As a conventional drawing recognition method, many
preceding researches on automatic iput of information of
contour lines have been reported. For example, 1n Reference
1: Agui and 2 others, “Research on mountainous geographi-
cal map information” (Electric Communication Society
Report, PRL81-37, 1981), a method of performing the
thinning process for a mountainous geographical map image
to be mputted, extracting a contour line candidate from
decision of whether it 1s a long vector component or not, and
connecting the contour line candidate interrupted by char-
acters and symbols mutually on the basis of the vector angle
1s proposed. However, this method causes a problem that
since the decision of vector angle 1s local, many connection
€Irors OCCUr.

On the other hand, 1n Reference 2: Mizutani and 3 others,
“Extraction of contour lines using the adjacent relation by a
Voronoi-line graph” (Technical Report of the Institute of
Electronics, Information and Communication Engineers,
D-II, Vol. 1, J74-D-II, No. 11, 1991), a method of preparing
a Voronoi-line graph so as to grasp the global adjacent
relation of line segments, obtaming an adjacent graph
between these line segments, and connecting the interrupted
contour component lines correctly 1s proposed. This method
reduces connection errors from decision of the adjacent
oraph. However, in a portion where contour lines are
crowded 1n a narrow area and jointed as a drawing or a
portion where lines are interrupted by numeric characters
indicating elevation and cliff symbols, 1t 1s 1impossible to
recognize contour lines perfectly and many recognition
errors occur. Therefore, when automatic recognition using
the aforementioned batch processing input method 1is
performed, a concentrated error check is often requested to
an operator. This concentrated error check requires enor-
mous labor, so that a problem arises that the entire cost from
input to output for the system will not reduce.

Therefore, as shown 1n Reference 3: Yamakawa and 1
other, “Interactive drawing input system” (Nikkei Computer
Graphics, April issue, 1987, pp. 120 to 130), a man-machine
based automatic recognition method in which decision of an
operator 1s reflected positively from the initial stage of
vectorization 1s widely noticed. In this man-machine based
automatic recognition method, when the vectorization direc-
tion 1s not automatically decided, the vectorization direction
1s decided by an inquiry to an operator from the system, so
that an unnecessary operation required for error check can
be cut down. However, since the system 1s structured so that
whenever a portion where the tracing direction 1s not auto-
matically decided such as a junction part or an interruption
part of contour lines appears, the tracing direction, that 1s,
the vectorization direction 1s inquired, the burden 1mposed
on an operator (user) is severe.

On the other hand, separately from this flow, many
researches on recognition of the whole by describing a
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2

drawing to be traced structurally according to the relation
between the whole and the parts and confirming the consis-
tency between parts traced successively have been reported.
For example, in Reference 4: Nakamura and 1 other,
“Extraction of image characteristics by parallel trace”
(Artificial Intelligence Society Journal, Vol. 8, No. 1, pp. 65
to 78, 1993), it 1s proposed to realize characteristic extrac-
tion on the basis of this structure description by a coopera-
five action of a multi-agent. This method enables to decide
a process dynamically at execution time without detailed
description on the processing flow and highly precise image
recognition by self-adjusting problem solving i1s expected.
However, 1n this method, there 1s a possibility that an
enormous calculation time 1s required due to an explosive
increase of combinations. Furthermore, in a drawing having
a complicated shape such as contour lines, structure descrip-
fion itself 1s not clear. Therefore, the present 1nvention
proposes a method of constituting a system with a recogni-
fion agent for recognizing a path 1n correspondence to a
plurality of adjacent lines designated by an operator one by
onc and a supervisor agent for supervising the whole as
application of the multi-agent theory to drawing recognition.
This method enables highly precise recognition by describ-
ing an autonomous action of each agent and a cooperative
action between the agents. However, when two agents are
set 1n correspondence to one contour line due to 1ncorrect
assignment of agents, a problem arises that an incorrect
recognition result 1s obtained because the cooperative action
between the agents 1s not performed correctly. To realize
highly precise recognition by a cooperative action of a
multi-agent, an art for automatically changing assignment of
agents so as to set agents correctly 1s 1important.

As an example 1n which changing of agent assignment 1s
realized, Reference 5: Gyoten and 3 others, “Multi-agent
system for separation of characters from a document 1image”
(Technical Report of the Institute of Electronics, Informa-
tion and Communication Engineers, A195-37, PRU 95-152,
pp. 21-26) may be cited. In this reference, the spatial
distributed method 1n the multi-agent theory 1s applied to a
problem of separation of characters in a document 1mage
and one agent 1s set 1 correspondence to one character
string 1n the document 1mage. However, character separation
and drawing recognition are different in the recognition
object, so that the agent assignment used for character
recognition and the assignment error detection method can-
not be used for the drawing as they are.

Description of an autonomous action of each agent and a
cooperative action between the agents enables highly precise
recognition. However, when two agents are set 1n corre-
spondence to one contour line due to 1ncorrect assignment of
agents or agents are set 1n correspondence to a component
other than contour lines, a problem arises that an 1ncorrect
recognition result 1s obtained because the cooperative action
between the agents 1s not performed correctly.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a drawing
registering method and apparatus therefor for performing the
drawing recognition process correctly on the basis of a sure
result of a recognition which 1s an already completed
recognition automatically registering the result 1n the data
base when a portion where originally continuous lines are
discontinuous and a portion where a plurality of originally
independent lines are connected (hereinafter called problem
portions) are automatically interpolated and one drawing is
recognized as one continuous vectorized data due to restric-
tions (resolution, comments, etc.) on indication of a drawing
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when a drawing on a map or a drawing 1s registered as
vectorized data.

Another object of the present mvention 1s to provide a
drawing registering method and apparatus therefor for
assigning a recognifion agent to a drawing before path
interpolation, canceling incorrect assignment between the
recognition agents recognizing the path to be interpolated,
and executing automatic recognition and registration of
drawings.

To accomplish the above objects, the apparatus 1nputs a
drawing 1ndicated by lines on a paper drawing mto a
computer as binary image data, generates first vectorized
data by the thinnming vectorization process, and assigns
agents to the components of the first vectorized data. When
the agent encounters the problem portion when 1t recognizes
the corresponding vectorized data, the apparatus interpolates
the vectorized data of the problem portion by referring to the
adjacent vectorized data, recognizes the obtained series of
vectorized data as one drawing data, and registers 1t as
second vectorized data. Furthermore, the apparatus judges
whether the agent assignment 1s correct or not on the basis
of the basic property of figure such as the adjacent relation
so that the agent assigned to the first vectorized data has a
one-to-one correspondence with the drawing data to be
recognized. When the agent assignment 1s incorrect, the
apparatus changes the agent assignment by unifying or
separating the agents so the contradiction corresponding to
the basic property of figure 1s canceled. At 1nitial assignment
of agents, 1t 1s possible to recognize the line paths on the
entire drawing on the basis of the local connection and
assign agents 1n correspondence to each of the recognized
line paths. A figure to be recognized may be contour lines
extracted from an 1mage.

Still further advantages of the present invention will
become apparent to those of ordinarily skill 1n the art upon
reading and understanding the following detailed descrip-
tion of the preferred and alternate embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be described in conjunction with
certain drawings which are for the purpose of illustrating the
preferred and alternate embodiments of the invention only,
and not for the purpose of limiting the same, and wherein:

FIG. 1 1s a drawing showing the system configuration of
the present invention.

FIG. 2 1s a PAD diagram showing the flow of the entire
process of the present invention.

FIG. 3 1s a drawing showing display drawings of the
process of the present mvention.

FIG. 4 1s a PAD drawing showing the automatic extrac-
fion process of contour component lines.

FIG. 5 1s a drawing showing the structure of a table used
in the automatic extraction process of contour component
lines.

FIG. 6 1s a PAD drawing showing the recognition process
of line paths.

FIG. 7 (a)-FIG. 7 (c¢) are illustrations for the setting
method of a trace area and the decision method of a vector.

FIG. 8 1s an 1illustration for the classification method of
line paths.

FIG. 9 1s a display screen when parameters are set 1n the
automatic extraction process of contour component lines.

FIG. 10 1s a drawing showing the initial assignment
method of recognition agents.
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4

FIG. 11 1s a PAD diagram of the process of recognizing,
the adjacent relation of recognition agents.

FIG. 12 1s a Voronoi-line graph used to grasp the adjacent
relation.

FIG. 13 (a)-FIG. 13 (b) are illustrations for the setting
method of supervisor agents.

FIG. 14 (a)-FIG. 14 (d) are illustrations for the unification
process of recognition agents 1n an interruption part.

FIG. 15 (a)-FIG. 15 (d) are illustrations for the unification
process of recognition agents 1n a junction part.

FIG. 16 (a)-FIG. 16 (¢) are illustrations for the separation
process of recognition agents 1n a junction part.

FIG. 17 1s an 1illustration for the transfer relation of
messages between recognition agents 1n cooperative recog-
nition.

FIG. 18 1s an illustration for the path interpolation process
In an interruption part 1n cooperative recognition.

FIG. 19 1s a drawing showing the relation among recog-
nition agents, supervisor agents, and data.

FIG. 20 (a)-FIG. 20 (b) are drawings showing function
definitions and preconditions of an autonomous action of

agents.

FIG. 21 1s a drawing showing actual processing contents
of a cooperative action between agents.

FIG. 22 1s an 1llustration for the path tracing process 1n an
autonomous action of an agent.

FIG. 23 (a)-FIG. 23 (¢) are illustrations for the procedure

of constituting a base line for deciding a path candidate on
the basis of adjacent information.

FIG. 24 1s an 1llustration for the process of selecting a
most suitable path candidate on the basis of the base line.

FIG. 25 1s an 1llustration for the path decision process of
a selected path candidate vector.

FIG. 26 (a)-FIG. 26 (c) are illustrations for the method of
predicting a path on the basis of path information of adjacent
contour lines 1n an interruption part.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be explained
hereunder using an example of recognizing contour lines 1n
a contour map.

(1) Entire system

FIG. 1 1s a drawing showing the system configuration for
recognizing lines in the present mvention. Numeral 1 1ndi-
cates a central processing unit (CPU) for controlling the
system such as recognition and vectorization of lines.
Numeral 2 indicates an 1image mput device for reading a map
or drawing as binary image data. For example, a scanner
may be cited. Numeral 3 indicates a first file for storing
binary 1image data obtained by the scanner. Numeral 4
indicates a second {ile for storing vectorized data obtained
by performing a preprocess for the binary image data stored
in the first file. The preprocess executed here indicates a
process ol extracting at least two characteristic points
(bending point and terminal point) representing binary
image data, obtaining position coordinates of those points,
and vectorizing them sequentially. Numeral § indicates a
display device for displaying a line 1mage or a figure with
binary image data read by the scanner, vector data obtained
by the preprocess, and vector data after the recognition
process. Numeral 6 indicates an input device for inputting an
instruction for an operation of this system. Numeral 7
indicates a memory having programs describing the
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preprocess, recognition process, and others executed by the
CPU 1 and a storage area used for processing. The files (1)
and (2) and the memory 7 may be installed inside or outside
the system. The files (1) and (2) and the memory 7 may be
unified with a large memory and distinguished by division of
use areas.

The outline of the processing operation of the entire
system shown 1n FIG. 1 will be explained by referring to
FIG. 2. FIG. 2 1s a PAD diagram showing the processing
outline of the entire system.

A PAD (Problem Analysis Diagram) is known as a kind
of a flow chart 1n which boxes each indicating a process are
connected 1n the form of tree structure charts. A control
structure 1s 1dentified by a special mark indicated in the
corresponding box. A repetition structure 1s indicated by a
double solid line 1n a box, and when the double solid line 1s
on the right side of a box as shown as 4035 in FIG. 2, the box
indicates that the repetition i1s followed by a judgment. A
selection structure 1s indicated by a triangularly concave cut
right side of a box as shown as 420 in FIG. 4. Processes
included 1n the structure are connected such that the pro-
cesses of lower hierarchy layer are extended to the right side
of an upper layer box with horizontally connected lines.
Processes 1n the same hierarchy layer proceed from up to
down 1n the structure.

Firstly, a contour map to be processed 1s read by the
scanner 2 and stored in the file (1) 3 as binary image data
(Step 401).

The vectorization process (preprocess program: Step 402)
1s performed for the original image data of the contour map
stored in the file (1) 3 as a preprocess first and vectorized
data of the mnputted contour map itself including a recogni-
fion object 1s obtained. In this embodiment, vectorized data
of contour lines 1s obtained. One recognition agent
(equivalent to a tracing agent) is assigned to the obtained one
continuous contour line (initial assignment program: Step
404) and the contour line i1s recognized. Until all the
processes of assigned recognition agents end, the competi-
tion elimination process and cooperative recognition process
between the recognition agents are repeated (recognition
program: Steps 405 to 407). When the contour line recog-
nition process ends, the result 1s stored 1n the storage device
such as the file (2) 4 as a final result (registered program).
If necessary, it 1s displayed on the display device. Next, each
process will be explained.

(2) Vectorization process (Preprocess program: Step 402)

FIG. 3 shows drawing display examples for explaining
the process of the present invention. The drawing display
300 1s a drawing showing vector data after the vectorization
process 1s performed for the original 1mage data of the
contour map read from the file (1) 3.

According to the present invention, the drawing process
such as point reduction or (whisker) noise reduction by
polygonal approximation 1s executed after a series of pro-
CESSES.

When the thinning process 1s executed at the same time
with the vectorization process, to avoild deformation of a
drawing caused by the thinning process, the image process
such as noise elimination and separation of characters and
symbols may be executed before the thinning process.

(3) Assignment of an agent to a drawing to be recognized
(Initial assignment program: Steps 403, 404)

(3-1) Extraction of an area to be recognized (contour
component line)

The drawing display 300 1s a display of binary image data
in which a general contour map 1s read. Such a contour map
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includes not only contour lines 301 but also various com-
ponents such as a house frame 302, a road 303, and numeric
characters indicating elevation and characters 304. To
extract a figure which 1s a drawing to be processed from the
drawing display 300, the area to be processed 1s designated
directly by the input device 6 (310). An area surrounded by
a square dotted line 1n the drawing display 310 indicates
such an area designated by a user using a mouse. It 1s
possible to designate and delete components other than the
figure such as the house frame 302, the road 303, and the
numeric characters indicating elevation and characters 304
by the mput device 6 and designate the remaining display as
an area to be recognized (320).

Needless to say, when a read 1mage comprises only
drawings to be recognized or the 1mage process of separat-
ing characters and symbols explained in Item (2) is already
executed, 1t 1s desirable to just designate an areca to be
processed.

A user may designate an object to be recognized from the
outside as described 1n the aforementioned method.
However, as shown below, a method of automatically
extracting a drawing to be recognized may be used. The
method will be explained by referring to FIGS. 4 to 9.

FIG. 4 1s a PAD drawing showing the automatic extrac-
fion process of contour component lines and FIG. 5 1s a
drawing showing the table structure used in this method.
Numeral 500 indicates a vector data table corresponding to
the entire drawing and the table stores information on the
coordinates of the start point and terminal point of a vector
obtained by the thinning vectorization process (Step 402).
Firstly, the program generates a list label table correspond-
ing to 500 and initializes the labels to zero (Step 400).
Numeral 510 indicates a list label table, and each list number
indicates the number of the corresponding vector stored 1n
500, and each label indicates flag information on whether the
recognition of the corresponding vector ends or not. With
respect to every vector corresponding to the drawing (Step
410), the program decides whether the label of the corre-
sponding list is zero or not (Step 420). When the label is
zero, the program recognizes the line path with the vector as
a start point and puts a label to the corresponding list (Step
430). For example, the program puts the number of the
recognized line path as a label. Numeral 520 indicates a
table of recognized line path data and the table stores
information on the number and coordinates of constituent
points of a line path. The program calculates feature mea-
surements of recognized line paths from the information,
classifies the line paths by clustering in the characteristic
space, and stores them 1n the line path information table
(Step 440). Numeral 530 indicates a line path information
table, and each label indicates the number of the correspond-
ing line path stored in 520, and the line path information
indicates classification 1n the feature measurement space.
For example, when the line path does not correspond to an
object to be recognized, 0 1s assigned and when it does, 1 1s
assigned.

Next, the line path recognition method in the contour
component line extraction method will be explained with
reference to FIGS. 6 and 7. FIG. 6 1s a PAD drawing
showing the flow of line path recognition process and FIGS.
7(a)-7(c) are illustrations for the setting method of a trace
arca and the decision method of a vector 1n this method.
Firstly, the program sets a circle area as a trace area (Step
611) and traces the neighboring area of the trace base point
(end point of the fixed path). Numeral 700 indicates an
illustration for setting this circle area. In this case, a circle
arca with the trace base point as the center 1s set and a vector
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having a terminal point in this area 1s traced. However, a
vector whose recognition ends already 1s removed from a
tracing object. The radius of the circle 1s set to a value which
1s sufficiently small compared with the distance between
adjacent contour lines. The condition for whether a vector
has a terminal point thereof in this circle area or not is
expressed by the conditional equation shown 1n 701. When
there 1s no vector in the circle area (Step 612), the program
sets an ellipse area as a trace area (Step 613) and enlarges
and traces the trace area again. Numeral 710 indicates an
illustration for the setting method of this ellipse area. In this
case, the program sets an ellipse area with the trace base
point (end point of the fixed path) and a point on the
extension line of the fixed path as two focuses and traces a
vector having a terminal point 1n this area. The condition for
whether a vector has a terminal point thereof 1n this area or
not 1s expressed by 711. When there 1s no vector in the
ellipse area (Step 614), the program ends the recognition of
line paths (Step 615). When there 1s a vector in the ellipse
arca, the program decides the vector with the smoothness of
the line when the vector 1s connected as a cost function (Step
616). Numeral 720 indicates an illustration for the vector
decision method on the basis of the line smoothness.
Numeral 721 indicates a definition of the cost function and
a vector decision condition. When there are at least two
vectors as a candidate, 1f any of the vectors 1s connected
smoothly, the next vector cannot be decided. When the cost
function 1s below the designated range and the difference
between the cost functions 1s beyond the designated range,
the vector 1s decided as a next vector. When no vector 1s
decided (Step 617), the program ends the recognition of line
paths (Step 618). The process from setting of a trace area to
setting of a vector 1s repeated until the recognition of line
paths ends (Step 610). Numeral 730 indicates a list of
parameters used for recognition of line paths.

Next, the classification method of line paths 1n the contour
component line extraction method will be explained with
reference to FIG. 8. Numeral 800 indicates a drawing
showing an example of recognized line paths. The recog-
nized line paths comprise vector parts where vector data
exists and gap parts where no vector data exists. A contour
line drawing is characterized in that 1) it is meandered, and
2) it is indicated by a solid line, and 3) it has a length over
an extent. Therefore, by using the clustering process 1n the
characteristic space, a line path corresponding to a contour
line drawing can be extracted. Numeral 810 indicates the
feature measurement corresponding to the basic property
that the lines are meandered and the condition of feature
measurement for satistying this basic property. This feature
measurement of the basic property 1s expressed by
“distance/path length between start and terminal points” and
when the feature measurement 1s below the designated
range, the lines are judged to be meandered. Numeral 820
indicates the feature measurement corresponding to the
basic property that the lines are displayed by a solid line and
the condition of feature measurement for satisfying this
basic property. This feature measurement of the basic prop-
erty 1s expressed by “total sum of vector lengths/path
length” and when the feature measurement 1s beyond the
designated range, the lines are judged to be displayed by a
solid line. Numeral 830 i1ndicates the feature measurement
corresponding to the basic property that the lines have a
length over an extent and the condition of feature measure-
ment for satisfying this basic property. This feature mea-
surement of the basic property 1s expressed by “path length”.

Next, the parameter setting method 1n extraction of con-
tour component lines will be explained with reference to
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FIG. 9. When the line path classification method on the basis
of the feature measurements 1s used as a contour component
line extraction method, it 1s necessary to set the range of
feature measurements as a parameter. FIG. 9 1s a drawing
showing an interface for setting such a parameter. Numeral
900 indicates a parameter setting screen, 910 a window for
coloring and displaying the line paths corresponding to the
feature measurement range designated by an operator, and
920 a window for setting the feature measurement range of
line paths by an operator. The parameter setting 1n 920 1is
executed by expanding and contracting the bar indicating the
feature measurement range by operating the mouse or input-
ting the feature measurement range from the keyboard.
When a parameter 1s set like this, the line paths correspond-
ing to the feature measurement range are displayed on the
window 1n 910. When the parameter 1s updated, the corre-
sponding line paths are displayed again.

(3-2) Assignment of an agent to a drawing to be recog-
nized (Step 404)

Next, an agent 1s assigned to a drawing to be recognized
by setting an area or a parameter.

Numeral 330 shown 1n FIG. 3 indicates how the initial
value of parallel trace 1s set. The 1nifial value 1s designated
as shown below. An operator draws a trace tag line 331 so
that 1t goes across a plurality of adjacent contour lines using
the mput device 6. The intersecting points of the trace tag
line 331 with the plurality of adjacent contour lines to be
recognized are taken as trace base points 352. A plurality of
designated trace base points 352 are taken as B1, B2, - - -,
and BN. The order of the trace base points 332 on the trace
tag line 331 indicates the adjacent relation of the corre-
sponding contour lines. Then, tracing of the line paths of the
contour lines 1s started 1n parallel with each trace base point
332 as an mitial characteristic point.

A method of assigning an agent to each of contour lines
suitably and automatically grasping the adjacent relation
between the agents will be explained hercunder.

Next, the 1nitial assignment method of recognition agents
in the drawing recognition method of the present imnvention
will be explained with reference to FIG. 10. It 1s assumed
that the extraction of contour component lines ends already
and the contour component lines are recognized and regis-
tered as line paths according to the local criteria. FIG. 10 1s
a drawing showing 1nitial assignment of recognition agents.
Numeral 1000 indicates a drawing showing the correspon-
dence between the line paths recognized according to the
local criteria and the recognition agents. The line paths are
mterrupted by break points and branching points. One
recognition agent 1s assigned 1n correspondence to each of
such line paths. Numeral 1010 indicates data and a method
of a recognition agent. This recognition agent has line path
data (the number and coordinates of constituent points) as
data and has an operation of creating or destructing a
recognition agent, an operation of adding constituent points
to the line path data or deleting constituent points from the
line path data, and an operation of requesting line path data
to another recognition agent or responding line path data to
this request as a method.

Next, a method of recognizing the environment by a
recognition agent when a problem occurs 1n the drawing
recognition method of the present invention will be
explained with reference to FIGS. 11, 12, and 13. To solve
a problem of obtaining the linkage relation between line
paths 1n an interruption part or a junction part by cooperation
of a plurality of recognition agents, it 1s necessary to grasp
the adjacent relation between the recognition agents as an
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environment where the recognition agents are installed. FIG.
11 1s a PAD diagram showing the process flow in the
adjacent relation recognition method, and FIG. 12 15 a
drawing showing a Voronoi-line graph used to grasp the
adjacent relation, and FIG. 13 1s a drawing showing the
setting method of supervisor agents for controlling recog-
nition agents. For example, the adjacent relation between
recognition agents 1s obtained by using a Voronoi-line graph
in a method the same as that of Reference 2. Firstly, the
program generates a Voronoi-line graph comprising bisec-
tors between line paths (Step 1100) and then generates an
adjacent graph indicating a network of the adjacent relation
by using it (Step 1110). Numeral 1200 indicates a Voronoi-
line graph and 1310 indicates a corresponding adjacent
ograph. Each solid line indicates a case that the length of the
boundary line (Voronoi-line graph) between adjacent line
paths 1s longer than the length of the corresponding line path
and each dashed line indicates a case that it 1s shorter. It 1s
highly probable that each solid line indicates the adjacent
relation between contour lines themselves, so that it 1s called
strong adjacent relations hereinafter and each dashed line
has a low possibility for 1t, so that 1t 1s called weak adjacent
relations hereinafter. On the basis of the basic property of a
contour line drawing that the drawing 1tself 1s a closed loop
or the terminal point thereof exists on the page boundary
line, when this property 1s satisfied, the recognition ends and
when the property 1s not satisfied, the recognition agent 1s
distinguished and displayed because a problem occurs. The
page 1ndicates an area as a processing unit. With respect to
every recognition agent (Step 1120), when a problem occurs
in the recognition agent (Step 1130) and the recognition
agent 1s not registered in any supervisor agent (Step 1140),
the program generates a supervisor agent (Step 1150) and
registers the recognition agents belonging to i1t and the
adjacent relation thereof (Step 1160). Numeral 1320 indi-
cates a drawing showing the relation between the supervisor
agent and the recognition agents corresponding to it.

(4) Contour line recognition process (Recognition pro-
gram: Steps 405 to 407)

When the adjacent relation of the agents assigned to each
of the contour lines becomes clear, the recognition process
as significant contour lines i1s executed according to the
adjacent relation. Even 1f a user initializes the adjacent
relation of agents using trace tag lines as 330 shown 1n FIG.
3, a trace tag line may be drawn doubly to one contour line
by mistake or a trace tag line may be drawn to a drawing
other than an object to be recognized such as a road which
cannot be removed by the thinning process. When an agent
1s set automatically, a plurality of agents may be assigned to
one contour line due to breaking, branching, or connection
of contour lines or only one agent may be assigned to a
plurality of contour lines.

The contour line recognition process comprises a com-
petition elimination process of unitying or separating agents
so as to realize a one-to-one correspondence between con-
tour lines of a specific height and agents and a cooperative
recognition process ol recognizing another contour line
already recognized 1n cooperation with an agent assigned to
the contour line.

(4-1) Competition elimination process
The competition elimination process between recognition

agents of the present mnvention will be explained with
reference to FIGS. 14, 15, and 16. In this embodiment,

competition between recognition agents 1s eliminated by
unifying or separating the recognition agents.

FIG. 14 1s a drawing showing the unification method of
recognition agents 1n a problem portion such as an interrup-
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tion part. Numeral 1400 indicates imitial assignment of
recognition agents in an interruption part. In this case, two
recognition agents (2 and 4) are assigned in correspondence
to one contour line. Numeral 1410 indicates a supervisor
agent and recognition agents corresponding to the interrup-
tion part. In this case, there 1s a weak adjacent relation
between the recognition agents (2 and 4). When there is such
an adjacent relation, the supervisor agent unifies these two
recognition agents and generates a new recognition agent.
Numeral 1420 indicates unification of the recognition agents
by the supervisor agent and 1430 indicates the adjacent
relation of the new agent.

FIG. 15 1s a drawing showing the unification method of
recognition agents in a problem portion such as a junction
part. Numeral 1500 indicates initial assignment of recogni-
fion agents 1n a junction part. In this case, three recognition
agents (2, 5, 6 or 3, 5, 7) are assigned in correspondence to
one contour line. Numeral 1510 indicates a supervisor agent
and recognition agents corresponding to the junction part. In
this case, there 1s a weak adjacent relation between the
recognition agents (2 and 5,3 and 5, 5 and 6, 5 and 7). When
there 1s such an adjacent relation, the supervisor agent
unifies these two recognition agents respectively and gen-
erates new recognition agents. Numeral 1520 indicates uni-
fication of the recognition agents by the supervisor agent and
1530 1ndicates the adjacent relations of the new agents.

FIG. 16 1s a drawing showing the separation method of
recognition agents in a problem portion such as a junction
part. Numeral 1600 indicates initial assignment of recogni-
fion agents 1 a junction part. In this case, one recognition
agent (3) is assigned to three contour lines. Numeral 1610
indicates a supervisor agent and recognition agents corre-
sponding to the junction part. In this case, a contradiction
(neighbor of the neighbor=neighbor) is caused between 1, 2,
and 3 or 3, 4, and 5. When there 1s such a cooperative
network, there 1s a high possibility that the three recognition
agents common to the two are incorrect. Therefore, as shown
in 1620, the supervisor agent separates this recognition
agent 1nto three parts and generates three recognition agents
newly. Numeral 1630 indicates assignment of the newly
ogenerated recognition agents and 1640 indicates the adjacent
relation between the new agents.

(4-2) Cooperative recognition process for path interpola-
tion FIG. 17 1s a drawing showing the message flow between
recognition agents by this method and FIG. 18 1s a drawing
showing the path interpolation process on the basis of this
method.

FIG. 17 shows the message tlow between the supervisor
agent and the recognition agents corresponding to the mter-
ruption part shown 1n FIG. 12. FIG. 18 shows a schematic
diagram of the path interpolation method 1n such an inter-
ruption part. The adjacent relation between the recognition
agents are already known. A path to be recognized i1s
interpolated by using this adjacent relation.

According to the present invention, when a problem
portion such as a junction part 323 or an interruption part
322 appears during path interpolation, the apparatus decides
the trace direction with the adjacent contour lines already
recognized as a standard.

The cooperative process will be explained hereunder on
the assumption that agents are assigned to contour lines by
setting the tag line 331 as shown 1n 330 1n FIG. 3. In the case
of 330 shown 1n FIG. 3, the agent trace base point 1s set by
the position where the tag line 1s inputted. On the other hand,
when agents are automatically assigned to contour compo-
nent lines as shown 1n FIG. 10, 1t 1s desirable that each agent
sets an optional position as a trace base point.
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Numeral 340 mndicates a drawing showing vectorized data
after the path tracing with 330 as an initial value ends.
Numeral 341 indicates a contour line recognized by path
tracing, 342 a loop point, and 343 a boundary point. The
loop point indicates a trace base point to which the agent
returns when the contour line 1tself 1s a closed loop and it 1s
an end point of tracing. On the other hand, the boundary
point 1s positioned on the page boundary and when the
fracing reaches this point, the apparatus returns to the trace
base point and traces 1n the reverse direction. When the
fracing 1n the reverse direction reaches the boundary point
again, the apparatus sets this point as an end point of tracing.
The apparatus performs the aforementioned process from
setting of a trace base point to tracing of a characteristic
poimnt repeatedly for the entire contour line drawing and
obtains recognition results of a wide range of contour lines.

Next, the relation between an agent performing the rec-
ognition process and data referred to by agents will be
explained with reference to FIG. 19. According to the
present invention, a system comprises a multi-agent and a
process 1s formulated by describing an autonomous action of
cach agent and a cooperative action between the agents. The
conventional method-oriented approach requires to describe
the flow of all processes without omission. However, the
approach based on multi-agent theory requires no detailed
description of the process flow because a cooperative action
between agents 1s decided dynamically at execution of a

program.

Numeral 1900 1indicates a supervisor agent for supervising,
all agents assigned to contour lines, 1910 a vector tracing
agent for controlling path trace of each contour line, and
1920 a shared data part. The shared data part stores input
information such as contour line 1mage data and vectorized
data before recognition processing, index mformation for
performing vector trace at high speed, label information
assigned to a vector whose trace ends, and recognition
results mdicated by position coordinates of characteristic
points of contour lines. Numeral 1930 indicates message
communication between agents and 1940 indicates data
reference. Function definitions of autonomous actions of
these agents and preconditions thereof are summarized in
FIG. 20 and actual processing contents of a cooperative
action between agents are summarized 1in FIG. 21. Numerals
2001 and 2002 indicate function definitions and precondi-
tions of an agent (recognition agent) tracing a vector respec-
fively and numerals 2003 and 2004 indicate function defi-
nitions and preconditions of a supervisor agent respectively.
Numerals 2101 and 2102 shown i FIG. 21 indicate a
cooperafive action between a supervisor agent and vector
recognition agents 1n a junction part and an interruption part
respectively.

Next, a method of path tracing 1n an autonomous action
of a recognition agent will be explained with reference to
FIG. 22. It 1s assumed that the 1-th contour line 1s being
traced now. Numeral 2200 indicates vectorized data in the
neighborhood of the trace area. Numeral 2210 indicates a
recognized vector whose trace ends and numerals 2220,
2230, and 2240 indicate unrecognized vectors whose trace
does not end. A terminal point 2211 of the vector 2210
indicates the current point of path tracing and indicates that
the tracing ends up to this point. Numerals 2221, 2231, and
2241 indicate terminal points of 2220, 2230, and 2240
respectively. Numeral 2250 mndicates a trace area for tracing
a next path candidate. In this drawing, 2220 and 2230 are
selected as path candidates. When there are recognized
vectors of adjacent contour lines 1n this trace area, a path
candidate 1s selected so that a contradiction such as crossing
the adjacent path will not occur.
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When there are a plurality of path candidates, an optimum
path candidate 1s selected on the basis of the adjacent
information as shown in FIGS. 23 and 24. A procedure of
constituting a base line for deciding a path candidate on the
basis of the adjacent information 1s shown in FIG. 23.
Numeral 2300 indicates that there are a plurality of vectors
as a path candidate in the trace area of the 1-th contour line.
It is assumed that the path tracing of the (i+1)th contour line
ends already. As shown 1n 2310, with respect to the already
recognized (i+1)th contour line, the shortest distance d from
the current point 1s obtained. Then, as shown 1n 2320, the
constituent vectors of the (i+1)th contour line are shifted in
parallel by a distance of d and 1t 1s put as a base line. Next,
a method of selecting an optimum path candidate on the
basis of this base line 1s shown 1n FIG. 24. Numeral 2400
indicates the relation of position of a base line 2410 and a
vector 2430. As a path candidate, 1t 1s necessary to select a
vector closest to this base line 1n the distance and direction.
Therefore, a cost function 1s defined as shown 1n 2420 and
a vector minimizing this cost function 1s selected as a next

path candidate. In this case, d1 and d2 indicate the shortest
distances from both terminal points of the vector 2430 to the
base line respectively. Whether or not to recognize the
selected path candidate vector as a path 1s decided by the
decision method shown 1n FIG. 28§.

A method of predicting a path on the basis of the path
information of adjacent contour lines in a junction part or an
interruption part will be explained with reference to FIG. 26.
FIG. 26 shows a prediction method 1n an interruption part.
Also 1n a junction part, a path can be predicted by the same
process. Numeral 2600 1ndicates that there 1s not a vector as
a path candidate 1n the trace area. It 1s assumed that the path
tracing of the (i+1)th contour line ends already. As shown in
2610, with respect to the already recognized (i1+1)th contour
line, the shortest distance d from the current point 1is
obtained. Then, as shown 1n 2620, the constituent vectors of
the (1+1)th contour line are shifted in parallel one by one by
a distance of d and it 1s put as a predicted path. When the
length of the predicted path 1s within the designated range,

the apparatus continues the prediction until a path candidate
vector 1s found.

(5) Registration in storage device (Registration program)
Data obtained by the aforementioned process 1s registered in
a storage device as continuous vector data showing a draw-
ing 1nputted by the scanner 2. The storage device may be the
file (1) or (2) or the memory 7 shown in the system block
diagram in FIG. 1 or another external storage medium not
shown 1n the drawing.

According to the present invention, when mnputted draw-
ing data 1s registered as vector data, by performing a
competition or cooperative process between agents using the
adjacent relation of agents assigned to a drawing to be
recognized, 1n a problem portion where an originally con-
tinuous line 1s discontinuous or an independent line 1is
connected to another line (the drawing is connected to
another drawing), excessive interactive operations reduce
and the automatic processing capacity for an uncertain part
improves. By doing this, the input cost of a drawing 1ndi-
cated by lines 1n a data base can be reduced greatly.

Furthermore, even 1f initial assignment of recognition
agents 1s 1ncorrect, the agent assignment can be changed
automatically so as to set recognition agents correctly, and
unnecessary 1nteractive operations are suppressed, and a
system easy to use for a user can be provided.
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The invention has been described with reference to the
preferred and alternate embodiments. Obviously, modifica-
fions and alternations will occur to those of ordinarily skill
in the art upon reading and understanding the present
invention. It 1s intended that the invention be construed as
including all such modifications and alternations 1n so far
they come with the scope of the appended claims or the

equivalent thereof.
We claim:

1. A drawing registration apparatus comprising:

image data mput means for mputting a drawing to be
registered as 1mage data;

display means for displaying said image data;
input means for inputting a drawing to be recognized in
said 1mage data and the recognition range from the

outside, and a storage device for storing at least pro-
gTams as;

an 1nitial assignment program of assigning recognition
agents to said drawing to be recognized existing within
said recognition range;

a recognition program of recognizing the ambient status
of said drawing to be recognized, changing said rec-
ognition agents assigned to said drawing to be recog-
nized under control of a supervisor agent when a
problem that the adjacent relation of said recognition
agents 1s contradicted arises, and predicting a line path
at a portion where a line path 1s connected to another
line path during tracing of line paths of said drawing to
be recognized by said recognition agents by making the
recognition agent on the line path adjacent to said line
path cooperate under control of said supervisor agent;
and

a registration program of registering the result obtained by
execution of said recognition program as drawing data.
2. A drawing registration method comprising the steps of:

reading a drawing as 1image data and displaying it on a
display screen;

selecting line 1mages to be processed;

assigning recognition agents to said selected line 1mages;

tracing said line 1mages 1n parallel;

changing said recognition agents under control of a super-
viosr agent and referring to a trace result of another
recognized line 1mage when a line 1image being traced
1s connected to another line 1mages;

predicting a line path at a poriton where the lime 1mage 1s
connected to another line path during tracing of said
line 1mages recognized by said recognition agents by
making the recognition agent on the line path adjacent
to said line path cooperate under control of said super-
VISOr agent;

recognizing that said connected part 1s positioned so as to
hold the adjacent relation with said line 1image; and

registering the result of the recognizing step as data
indicating said drawing.

3. A drawing registration method comprising the steps of:

displaying an image of a drawing to be registered on a
display screen;

designating drawings to be registered and a range within
which said drawings to be registered exist on said
display screen;

setting a recognition agent for recognizing a drawing in

cach of said drawings to be registered within said
designated range; and

recognizing and registering the line path information of
drawings within said range by using a supervisor agent
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for controlling each recognition agent so as to recog-
nize said line path using the information of recognized
line paths when said recognition agent traces line paths
of the corresponding drawing 1n parallel and said line
paths are not decided uniquely due to a connection with
a neighboring line path.

4. A drawing registration method according to claim 3,
wherein said recognition agent 1s set for each drawing by
designating a plurality of drawings sequentially on said
display screen.

5. A drawing registration apparatus using a line recogniz-
ing method on the basis of path tracing with vector data as
an object to be recognized, comprising display means for
displaying a line image to be recognized, mstruction means
for designating the start position and range of a plurality of
adjacent line 1mages to be traced from the outside, a memory
having an area of storing a recognition program for control-
ling path tracing of said line 1mages from said designated
position and an area of storing recognized line 1mage data,
and control means for controlling the operation of the entire
apparatus, wherein

said control means refers to path mmformation of recog-
nized adjacent line 1mages even when the tracing
direction 1s not decided uniquely due to a connection
with a neighboring line image, by tracing paths of a
plurality of line images in parallel from said start
position according to said recognition program, pre-
dicts said path which 1s not decided uniquely, decides
as optimum tracing direction using a cost function
defined on the basis of the position relation between
said predicted path and said tracing direction, and
controls so that line 1mage data corresponding to draw-
ing data 1s registered 1n the memory.

6. A drawing registration apparatus according to claim 5,
wherein when said recognition program 1s executed, 1n a
recognition agent for tracing paths assigned 1n correspon-
dence to each of a plurality of adjacent line 1mages which are
to be traced as designated by said instruction means and a
supervisor agent for supervising said path recognition
agents, parallel path tracing i1s formulated by describing an
autonomous action of each agent and a cooperative action
between said recognition agents.

7. A drawing registration apparatus according to claim 6,
wherein when said tracing direction 1s not decided uniquely,
said recognition agent obtains path information from a
recognition agent 1n the adjacent relation with said recog-
nition agent, predicts a path 1n a location where said tracing
direction 1s not decided uniquely from the path information
of the already recognized adjacent line, and decides an
optimum tracing direction using said cost function.

8. A figure recognizing method comprising the steps of:

displaying an 1image of a figure to be recognized; instruct-
Ing a recognition object and range by an operator;
assigning (initial assignment) a recognition agent to each

of line paths constituting said figure on the basis of
local criteria of said line paths;

setting a supervisor agent for recognizing the ambient
status when a problem arises;

predicting a line path by making the adjacent recognition
agent cooperate under control of said supervisor agent
when a problem arises that the line path of said recog-
nition agent 1s not decided at a junction part; and

recognizing the data possessed by the finally remaining,
recognition agent as a figure.

9. A figure recognizing method according to claim 8,

wherein when a recognition agent 1s assigned to each of said
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line paths on the basis of said local criteria, an ellipse arca
with the trace point on a line path and a point on the
extension line of said line path as focuses 1s set as a tracing
area.

10. A figure recognizing method according to claim 8,
wherein the connection condition 1s decided using a cost
function for indicating the smoothness of a line.

11. A figure recognizing method according to claim 8,
wherein line paths are classified by using distance/path
length between start and terminal points, total sum of vector
lengths/path length, and path length which are defined in
correspondence to line paths recognized on the basis of the
local connectivity at least as feature measurements, and line
paths corresponding to the recognition object 1nstructed by
an operator are extracted, and at least one recognition agent
1s assigned 1n correspondence to each of said extracted line
paths.

12. A figure recognizing method according to claim 11,
wherein a range of said feature measurements of line paths
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1s mstructed by an operator and line paths corresponding to
said range of feature measurements are colored and dis-
played.

13. A figure recognizing method according to claim 8,
wherein when a contradiction 1s generated in the adjacent
relation between recognition agents tracing a figure or line
paths of recognition agents are not fixed, recognition agents
adjacent to a recognition agent whose line path 1s not fixed
are grouped, and a supervisor agent 1s set 1n correspondence
to said group, and said supervisor agent controls cooperation
and competition of said plurality of grouped recognition
agents.

14. A figure recognizing method according to claim 13,
wherein when a competition 1s generated between said
plurality of grouped recognition agents, said supervisor
agent controls so that one recognition agent 1s assigned 1n
correspondence to one line path finally.
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